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Semi-Annual Status  Report on NASA Grant 
NsG- 68 9/10 - 0 07- 008 
--- Book on The Origins  - of Prebiological  Systems (Fox) 
During t h e  period of record, t he  e d i t o r ,  S. W. Fox, completed 
the  reading of proof which was t h e  proceedings of t h e  in t e rna t iona l  
conference on The Origins of Prebiological Systems as held a t  
Wakulla Springs,  F l o r i d a  on 27-30 October 1963. The conference 
included a l l  of the leading current ly  a c t i v e  research workers i n  
t h e  f i e l d ,  and m a n y  of t h e  theoret ic ians .  Physical capacity 
l imi ted  t h e  l a t t e r  group t o  a f r a c t i o n  of those who have been 
productive of conjectural  papers, 
Amino Acids i n  Thermal Locales --
(Fox, Windsor, D r .  and Mrs. Wiese) 
Samples of s i n t e r  taken from 2-4 inches below t h e  surface of , 
t he  cinder cone at  Kilauea-Iki were examined f o r  bac te r ia .  In  
samples which had been at 120-160° C at t h e  time of sampling, no 
I 
b a c t e r i a  were found. Preliminary indicat ions t h a t  t h e  mater ia l  
is  b a c t e r i o s t a t i c  were obtained. Analysis  of t h e  mater ia l  showed 
t h a t  they contained twelve t o  four teen  amino acids. Earlier 
r e s u l t s  were confirmed. I n  t h e  current  s tud ie s ,  the  amino acids 
were found t o  be almost en t i r e ly  i n  the  polymerized form. 
New samples were obtained i n  o rde r  t o  check on t h e  e a r l i e r  
r e s u l t s .  Tests of ternperfitme shnwed that  4 ?/4 prs. a f t e r  t he  
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erupt ion,  t h e  cinder cone was much cooler  than it w a s  a t  3 1/2 
years. However, data have not been obtained t o  answer t h e  
question of whether t he  decline i n  temperature is  linear. The 
t o t a l  organic matter w a s  i n  the range of 1 ppm of s i n t e r  when 
the  s i n t e r  w a s  extracted w i t h  water. Yhen t h e  extracted s inter  
was crushed. and again extracted,  another 1 ppm was obtained. 
Fractionation - of Thermal Proteinoid 
(Nakashima, Krampitz, Fox) 
Fract ionat ion of thermal proteinoids  on columns revea ls  a 
l imited degree of heterogeneity which i s  astonishing, even though 
the  r e s u l t s  are i n  accord w i t h  earl ier indicat ions.  Typically 
f ive o r  s i x  major f r ac t ions  are found on e lu t ion  from CMC- 
ce l lu lose  o r  DEAE-cellulose. 
from DUE-cellulose, the proteinoid was first f u l l y  amidated by 
treatment in  l i q u i d  ammonia. 
f r ac t ions ,  which are distant one from the o ther  i n  the  e lu t ion  
pattern,  shows tha t  these a re  almost i den t i ca l  i n  composition. 
The fingerprint pa t t e rns  obtained by two-dimensional chroma- 
tography following proteolysis  with trypsin are, a l so ,  similar. 
I n  t h e  experiments w i t h  material 
Amino acid analyses of two 
Cata ly t ic  Act ivi ty  Thermal Proteinoids 
(Krampitz, Harada, S tewar t ,  Fox) 
Lysine proteinoids  have been found t o  catalyze the  s p l i t t i n g  
of radiourea. 
polylysines.  
Such act ivi ty  is  missing e n t i r e l y  from thermal 
Intermediate degrees of a c t i v i t y  are found i n  the  
thermal copoly ( lysine,  a lanine)  and copoly ( ly s ine ,  glutamic 
a c i d ) .  These l a t t e r  a r e  much l e s s  a c t i v e  however than ly s ine  
proteinoid,  suggesting tha t  the in t e rac t ions  of o ther  amino ac ids  
i n  t h e  macromolecule a r e  s ign i f icant .  
1 -  
The hemin o f  hemoglobin has been found t o  have, without t h e  
apoenzyme, tryptophan pyrrolase a c t i v i t y  at a level of about 
1/2000 of t h a t  of  t h e  na tura l  whole enzyme. 
e i t h e r  ca t a l a se  o r  tryptophan pyrrolase a c t i v i t y ,  depending upon 
t h e  pH. 
Also ,  hemin can show 
At t r ibu tes  of "Life" i n  Proteinoid Microspheres 
(Fox) 
- - -  
I n  the course of  an evaluation prepared f o r  a publicat ion 
of t h e  Space Science Board, approximately 25-40 attribukes imputed 
t o  l i v i n g  systems have been tabulated. The l a r g e r  number would 
include approximately 20 a t t r i b u t e s  testable i n  proteins;  these 
t e s t s  are v i r t u a l l y  a l l  pos i t ive  in t he  thermal proteinoids pre- 
pared under geological ly  plausible  conditions. The a t t r i b u t e s  
chosen f o r  l i s t i n g  have, as Calvin has stated, "a c e r t a i n  degree 
of subject ive a rb i t r a r ines s" ,  but i n  few cases does the  pos i t i ve  
nature of the  t e s t  on synthet ic  systems seem t o  be open t o  
s c i e n t i f i c  argument. Approximately 2/3 = 3/4 of t h e  a t t r i b u t e s  
included i n  t h i s  l i s t  have now been observed i n  t h e  laboratory 
micropart i c l e s  . 
Nutri t ional  Q u a l i t y  of Proteinoids 
(Everet t ,  Windsor, Suzuki, Lewis, Fox) 
I n  col laborat ion w i t h  Professor George Lewis and Mrs. 
P. Everett ,  t h i s  laboratory has been subject ing thermal pro- 
te inoids  and Leuchs proteinoids t o  n u t r i t i o n a l  t e s t s  with 
Tetrahymena pyroformis. The Leuchs proteinoids  may provide 
otherwise unobtainable information on amino ac id  n u t r i t i o n ,  
whereas t h e  thermal proteinoids o f f e r  t h e  eventual p o s s i b i l i t y  
of synthesis of food i n  e x t r a t e r r e s t r i a l  locales .  Preliminary 
t e s t s  ind ica te  t h a t  some Leuchs proteinoids  are superior  t o  
casein i n  feeding Tetrahymena. The thermal proteinoids a r e  used 
however very poorly by t h e  microbe, i n  cont ras t  t o  r e s u l t s  wi th  
Lactobaci l lus  arabinosus. 
Optical  Resolution of E-Amino - Acid 
( Harada) 
- 
Direct  o p t i c a l  reso lu t ion  of - DL-aspartic ac id  w a s  c a r r i ed   
out through the  use of an op t i ca l ly  a c t i v e  amine (a-methylbenzyl- 
amine). Optical r e so lu t ion  of  g - a s p a r t i c  ac id  by t h e  use of a 
s t e reose l ec t ive  l igand  exchange r eac t ion  w a s  accomplished. The 
o p t i c a l  p u r i t i e s  of the  resolved a s p a r t i c  ac id  are r e l a t i v e l y  
high (95-100$). 
exchange reac t ions  w a s  studied. 
Optical  r e so lu t ion  of several  a-amino ac ids  by p r e f e r e n t i a l  
- 
The mechanism of the  s t e reose l ec t ive  l igand 
c r y s t a l l i z a t i o n  from the i r  supersaturated aqueous so lu t ions  is 
under inves t  igat ion. 
Amino Acid Formation Pyrolysis of 
Ammonium Formate - and Formamide 
( Harada) 
--
Pyrolyt ic  decomposition of ammonium formate and formamide 
r e su l t ed  i n  t h e  formation of glycine,  a lanine,  a s p a r t i c  acid,  
and o ther  &-amino acids.  
formation is  now under investigation. 
The mechanism of t h e  amino ac id  
Studies i n  F e r t i l i z a t i o n  
(Metz, Franklin, Brown, S t e rn )  
-
Studies on t h e  e f f e c t  of enzymes on t h e  sexual union of 
gametes showed t h a t  t r y p s i n  d i d  not a f f e c t  t h e  i n i t i a l  f l a g e l l a r  
union of gametes at ma t ing  but  d i d  prevent t h e  subsequent fusion 
of the  gametes t o  form t h e  zygote. Evidently, t he  i n i t i a l  union 
and subsequent fus ion  involve q u i t e  d i f f e r e n t  mechanisms. 
study is i n  manuscript form and w i l l  s h o r t l y  be submitted f o r  
publication. 
Mr. Brown obtained addi t iona l  e lec t ron  microscopical 
information on sperm-egg in t e rac t ion  i n  crustacea and Mr. Stern  
has succeeded i n  obtaining good e lec t rophore t ic  migration of s ea  
urch in  f e r t i l i z i n  on ce l lu lose  acetate .  
has f o r  t he  f irst  time demonstrated what appear t o  be electro-  
phore t ic  mobili ty differences between the components of 
univalent  and multivalent f e r t i l i z i n .  
This 
U s i n g  t h i s  method, he 
